Abstract: Antenna high gain, wide bandwidth, reconfigurability and compact design has been long requirements in the field of mobile communications and aeronautics. This paper experimentally investigates superstrate layer of arrays placed above the dielectric resonator antenna (DRA), which can largely enhance the gain of antenna. Experimental and simulated results of gain with and without superstrate have been investigated. The superstrate arrays placed on DRA has improved the antenna gain, i.e., 8.7 dBi to 12.27 dBi. The effect of high permittivity material has been studied for gain and bandwidth improvement. Barium strontium titanate (BaSrTio 3 ) mixed with silicon oil was used in DRA. Superstrate array have resulted into gain improvement to the extent of 28%. The design frequency was kept at 6.59 Ghz and verified theoretically using MATLAB. Height of substrate and dielectric constant affected the gain and bandwidth. Theoretical, simulated and experimental results have been compared and found in good agreement.
Introduction
The DRA has several advantages over patch antenna such as high gain, radiation efficiency, high impedance bandwidth, reconfigurability, low conducting loss and ease of fabrication, etc. The different feed mechanism such as coplanar, waveguide, aperture coupled or coaxial cable can be used (Mongia and Bhartia, 1994; Ittipiboon and Mongia, 1997) . The slot coupling can extend impedance bandwidth. Circular polarisation can be had by rotating the slot. In slot coupling, the ground plane act as an effective shield between the radiating aperture and feed network (Antar and Fan, 1996; Harrington, 1961) . Superstrate had been used on patch antenna as found in the literature. The concept of superstrate in DRA has been the most recent innovation. Also, there can be a possibility of active DRA integration with superstrate for very high gain requirements in compact size antennas. This paper investigated a simple DRA design embedded with superstrate layer on top, keeping desired air gap. The Antenna gain can be extended using circular array of patches as superstrate. The radius of circular patch has significantly improved the gain (Harrington, 1961; Luk et al., 1997) . Different size and combinations of circular patches were investigated to the optimised value of gain. This design improved the gain by 3.57 dB. Two different cases have been investigated. First, the DRA without superstrate and then DRA with superstrate (Barkat, 2012; Yaduvanshi, 2012) . Antenna gain was optimised for circular patch size and arrays (Guha et al., 2012; Petosa et al., 2003) . Investigations revealed that design need a compromise on the antenna gain to get both high bandwidth and high gain as shown in can be rewritten as below in equations (1) to (5) as:
Cut of frequency can be given as
Resonant frequency can be given as 
Here,
The dimensions of antenna can be determined based on resonant frequency for which antenna need to be designed. Figure 1 shows the rectangular DRA with superstrate layer placed on top using two spacers. The length and width of the micro strip line is chosen in such a way that it provides 50 Ω impedance. The coupling between DRA and feed is managed by varying the length and width of the slot and micro strip line. Impedance of micro strip is matched perfectly 50 Ohm by carrying out parametric analysis. In this design three substrates of different permittivity (20.2 for DRA, 4.4 for FR4 and 2.2 for Duroid) and heights (0.6 mm substrate, 0.4 mm superstrate and 9.6 mm DRA) were used as shown in Table  1 . First substrate is for micro strip, second substrate is for DRA and third is for superstrate, which is placed at a distance of 18.4 mm from the DRA. And optimised 6 × 6 array of circular patches were made above the RT Duroid substrate. The radius of each circular patch was taken to the optimised value of 3 mm and gap between each circular superstrate was kept 18.4 mm.
Antenna design description

Results and discussion
The superstrate layer have improved the DRA gain and impedance bandwidth. Suitable combination of superstrate and DRA material permittivity, substrate height and air gap from DRA to superstrate effected the gain and bandwidth. Ansoft HFSS based on finite element method was used for the simulations. Dimensions of the rectangular DRA were developed based on DWM (Antar and Fan, 1996) and mathematical formulations. The theoretical value of resonant frequency and quality factor were computed and compared with simulated one. The antenna has been designed for 6.59 GHz. Agilent 40 Ghz VNA was used for measurement of S 11 shown in Figures 3(a) , 3(b) and 5. HFSS simulated S 11 was obtained and shown in Figure 4 . Three different antennas design were worked. Both type of results have been found in closed proximity. Simulated return loss results for Design 1, Design 2 and Design 3 have shown in common Figure 4 . Optimised results were obtained at 6.59 Ghz. Figure 5 presented S 11 value of experimental measured value. The comparison of return loss for antenna 1, antenna 2 and antenna 3 are shown in Figure 4 . The resonant frequencies were 6.89 GHz, 6.708 GHz and 7.53 GHz for antenna 1, antenna 2 and antenna 3 respectively. Figure shows that antenna 3 has maximum impedance bandwidth.
The antenna radiated in end fire direction as shown in Figure 6 (a) E plane and Figures 6(b) and 6(c) are E and H plane. Gain at theta 900 and phi 900 for design A was 8.79 dBi as shown in Figure 7 . The gain was enhanced due to substrate layer above the DRA in Design 2 and 3. By adjusting the distance between the ground and superstrate layer, the resonance condition can be tuned. Max gain for Design 2 was obtained 12.27 dBi. Figure 6 have shown radiation pattern characteristics. Figure 9 presented comparative gain with and without superstrate layer. Also, Figure 8 have shown impedance matching results. Design 2 have best gain but low bandwidth where as Design 3 has optimised gain and bandwidth as shown in Table 2 . 50 Ohm impedance matching plot has been shown in Figure 8 , i.e., proper impedance match of 50 Ω was seen at operating frequency. 
Conclusions and future work
This paper reports the advanced techniques of gain enhancement in DRA using superstrate. This has been found to be novel approach which can retrofit to all exiting DRA. In this design 28% gain enhancement has been achieved. This designed antenna can be used for Wi-Max, WLAN 802.11(a), 4G, Bluetooth and reconfigurable wireless networks. Further gain and impedance bandwidth can increased if DRA is made active by introducing electric and magnetic biasing conditions, as shown in Figure 9 structurer with magnetic biasing. The adjacent mode merging can be applied to this design if there is heavy requirement of wide band antenna. Variable electric biasing provision can result into tunable frequency antenna for future designs.
